I. Introduction
The high-speed development of international trade is one of the most important signs of economic globalization. We can find that the growth rate of world trade is bigger than that of world economy. As a major way of global logistics and an important factor of economic globalization, ocean transport becomes more and more important. Modern seaports have become critical nodes in complex logistics chains. Seaports failing to establish themselves as key players in the optimization process unfolding within such logistics chains are in danger of 'missing the boat' and being disregarded as ports of call on international freight routes.
In an era of economic globalization, ports are evolving rapidly from being traditional land/sea interface to providers of complete logistics networks. This means ports have to face many challenges due to unpredictable environmental changes and trends in the shipping, port and logistics industries. It is estimated that 90% of the internationally traded goods are imported or exported by sea. And the container transportation has become the most important way in global trades.
Due to the rapid development of Asia-Pacific region's economy, the world economic center has been transferred into this area step by step. In terms of annual container throughputs, 9 Asian ports are ranked among the top 10 container ports in the world and 6 of them are Chinese ports which are ranked second, third, forth, seventh, eighth and tenth respectively. In Asian economies, the Chinese economy is regarded as the world's most fascinating one in the modern era. The proportion of container transport is getting higher and higher, and it is the future trend of ocean shipping development. So container transport is an important aspect in port competitiveness research. The Shanghai international shipping center should take full advantage of the favorable situations in the economic, financial and trade center of Shanghai, the Beilun deepwater port in Zhejiang province, and the enormous container traffic in Shanghai and Jiangsu province to weave a system of ports with Shanghai as the center and with those in Zhejiang and Jiangsu provinces to coordinate.
However, there is also competition in this system of ports. Ningbo-Zhoushan port has developed rapidly in recent years. It has continued to expand at a very high average annual growth rate of approximately 31% over the period [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] , and it has become the eighth largest container port in the world in 2007.
As a nearby port with Shanghai port, the competition can't be avoided during the high-speed development. This paper will aim to the co-opetition between Shanghai port and Ningbo-Zhoushan port, using different methods to analyze the relationship between the two ports and puts forward the relative suggestions concerning their competition and cooperation.
II. Theoretical Background on Port
Competition and Co-operation
Conceptual definition of port competition
A Conceptual Definition of 'Seaport Competition': Seaport competition refers to competition between port undertakings, or as the case may be terminal operators (the competing players involved in the organization of entire transport chains) in relation to specific transactions. Each operator is driven by the objective to achieve maximum growth in relation to goods handling, in terms of value added or otherwise. Port competition is influenced by (1) specific demand from consumers, (2) specific factors of production, (3) supporting industries connected with each operator, and (4) the specific competencies of each operator and their rivals. Finally, port competition is also affected by port authorities and other public bodies.
1)
Port competition can be divided into 3 levels. Firstly, there is competition 1) Baird (1999), pp.141-173. between operators. Thirdly, there is competition between port authorities-whether it is national, regional or local-which directly affects the determinants of port competition (particularly the infrastructure in and around a port). This is of course crucially important for the competitive position of operators. This is level 3: 'inter-port competition at port authority level'.
Port co-operation against competition and port co-operation modes
The philosophy of port development faced with competition changes from 'hardware' to 'software'.
3) Hardware of port development includes the construction of infrastructure and superstructure. Software of port development includes port management on behalf of port privatization for high efficiency, know-how, IT technology for supporting and network structure. Now, however, software of port development can be expected to be the factor of determining the importance in port competition.
The fourth generation of ports is introduced by UNCTAD and characterized by co-operation in combination with competition together with horizontal and vertical integration. Port co-operation can be considered as a strategy against 2) Slack (1985) , pp. Ningbo's market share of the two ports' total international container throughput has been consistently increasing over this period, at the expense of Shanghai.
By inspection of the comparative annual growth rates in throughput at the two ports over the period 1998-2009, we are able to gain some insights as to why this has been the case. Figure 3 clearly shows the vastly superior growth at Ningbo compared to Shanghai over this period. Given its lower base in terms of the absolute level of throughput, however, this is not a wholly unexpected result. Ningbo-Zhoushan ports have obvious advantages in depth of water which was the most important factor in port nature factors. According to the index of International Shipping Center, the depth of water should be more than -14 meters.
7) The average water depth is about -9 meters in Shanghai before the construction of Yangshan deep sea port, the container vessels are limited seriously by it. The deep water factor is one of the comparative advantages of NingboZhoushan port.
2) Price (direct cost to liner companies) Port charges in mainland China are based very closely on a standard rate specified by China's Ministry of Communications. It includes separate charges for stevedoring, piloting and tugs. Currently Shanghai and Ningbo both adopt a more flexible pricing policy than sticking simply to the centrally set standard rates.
8)
Their approach is characterized by a differentiation between large and small customers, especially with respect to the stevedoring charge. Generally, large mainline operators receive a 10% discount compared with coastal liner operators.
The stevedoring charges listed in Table1 and it shows that it is the same at the two ports. Source: Constructed by the authors using information from various sources According to the two tables, it is obvious that major facilities in Shanghai port are about twice as much as in Ningbo-Zhoushan port. It supports Shanghai port providing high level service reducing average loading time of vessels.
5) Hinterland
The major comparative advantage of Shanghai port is its huge hinterlandYangtze River Delta area. Collecting and distributing system in this area is developed and it has advantage in industry, science, nature resource, skilled labor and demand of consumption. As the center of the economic development of western China, it would generate a lot of container cargoes from this area.
Shanghai port could absorb these cargoes through multi-modal transport system and make western of China the direct economic hinterland of Shanghai port.
The hinterland of Ningbo-Zhoushan port is much smaller than Shanghai port.
The main hinterland of Ningbo-Zhoushan port is south-east of Zhejiang province.
Cargoes generated from Hangzhou, Jiaxing, and Huzhou are mostly exported or imported through Shanghai port. Because of the underdevelopment of railway transport in Ningbo, road transport is the main way for cargo collecting and distributing. In addition, the liners and sea routes in Shanghai port are much more than in Ningbo-Zhoushan port, so under the same condition, the shipper in other area would choose Shanghai port. 
IV. Analysis of relationship between
In equation (1), D= the Concentration ratio of port system in Yangtze River Delta, TEUi = the container throughput of port i.
n= the number of ports in the port system.
Consider the extreme case where one port has a market share of one hundred percent, then HHI index equals to 1. By contraries, if the container throughputs of the ports located in the port system are same, HHI index should be 1/n. Generally speaking, HHI index more than 0.1 represents that the port system is concentrated.
It shows that the port system is highly concentrated when HHI index is more than 0.18.
In order to research the concentration ratio of container ports in Yangtze River
Delta, the authors calculated the result by HHI index model using the recent 8 years throughputs of 8 main ports in this area. The authors also calculated the share of the Port of Shanghai, the share of the Port of Ningbo-Zhoushan and the share of the summation of the two ports. The result is shown as Table 6 In the recent 8 years, the market share of Shanghai port is fl oating between 60%--77%. It represents that as the hub port of Yangtze River Delta, Shanghai port has big advantage compared with other ports in this area. Because of the development of other small and medium ports located in Yangtze River Delta, the share of Shanghai port decreased from 76.4% to 60.7%, and it is estimated to be lower in the future but it still enjoys absolute advantage in this area.
The share of Ningbo-Zhoushan port keeps on rising during the last 8 years from 12.2% to 21.7%. The average annual increasing rate of Ningbo-Zhoushan port is 42.1%, which is much more than that of China mainland. Because of the increasing of Ningbo-Zhoushan port's share, ROTP increased from 81.2% to 90.7%, which represents the two ports have absolute advantage of container transport in the region and the concentration ratio is very high.
The HHI index of this port system is floating between 0.487-0.623. It is much more than 0.18 and we can prove the result again that the concentration of Yangtze River Delta is very high.
2.Correlation analysis
The initial purpose of this chapter is to investigate econometrically the current mechanism of Chinese port behavior. More concretely, special attention is given to the Port of Shanghai and the neighboring Port of Ningbo-Zhoushan. Both ports clearly form a competitive relationship and are managed by completely independent port bureaus under the control of the City of Shanghai and the City of Ningbo respectively. Their competitive relationship can be confirmed by the correlation analysis as detailed in Table 7 , where the Port of Shanghai has negative sign in relation to the correlation coefficient. This indicates that the higher the market share of the Port of Shanghai is, the lower the share of the Port of NingboZhoushan.
The 'unstable' condition of the Port of Ningbo-Zhoushan is also clearly indicated in Table 7 . Five other ports (Zhangjiagang, Wenzhou, Changzhou, Nanjing, Nantong) are also clearly prime competitors to the Port of NingboZhoushan. In almost all cases, the correlation coefficient between NingboZhoushan port and the other five ports are significant and negative. In contrast, x 2 : GDP (Gross Domestic Product) of the six countries and economies. The coefficient will be positive.
x 3 : Ratio of the foreign exchange rate of China to the six countries and economies. The coefficient will be positive.
x 4 : Ratio of export container cargo volume through the Port i to its total cargo volume, which can be referred to as the 'Export Ratio of Containerization for the Port i. Its coefficient will be positive because it is assumed that a high level of port infrastructure will attract export container cargo.
The fourth factor (x 4 ) is operational factors whose value depends on the type of port management system utilized. In general, the greater the influence of the one operational factor on export container volume, the stronger the competitive position of Port i.
Export-related variables selected as factors causing changes in volumes of cargo through the Port of Shanghai include four determinant factors (x 1 -x 4 ).
The percentage point change for each factor was determined by measuring the elasticity of the change in total seaborne trade in relation to each of the variables under study. It is calculated by using econometric methods.
This study identified the following characteristics of export flows through the Port of Shanghai, which can be confirmed in Table 8 . Initially, on the export side, GDP has the largest influence on export container volume flowing from Shanghai to the six countries and economies under study. Thus, GDP is the determinant variable with highest elasticity among the three main economic factors. The elasticity value of 1.526 indicates that a percentage point increase in the GDP growth rate in a nation or economy results in more than 1.5 percentage increase in seaborne trade for that economy.
A second point to emerge from the analytical results is that the elasticity of FDI is generally lower than the elasticity of the GDP variable. But it still affects export container volume in a positive way.
Thirdly, it should be noted that the containerization ratio for the Port of Shanghai has desirable effect of increasing export logistics volumes. Therefore, the Port of Shanghai's infrastructure is well suited to the technological progress apparent in container shipping.
It is abnormal that the coefficient of foreign exchange rate ratio is minus which should be plus according to the theory of international trade. In our opinion, there are three important reasons:
The exchange rate is deeply affected by Chinese government. It can not change freely according to the relation between market supply and demand.
The second reason is trade policy such as export rebate and export subsidies.
The negative effect of CNY increasing in value can be offset by push these kinds of policies.
Half of the foreign trade in YRD is processing trade and this part of trade will not be influenced by exchange rate.
In the case of the Port of Ningbo-Zhoushan, Table 8 Secondly, the containerization ratio of the Port of Ningbo-Zhoushan has a great effect on its export logistics. 
Where, x 1 -x 3 represent the three basic economic factors and x 4 represent port service.
The four basic economic import factors concerned with port environment are as follow:
Ymi: Import logistics volume for the Port i x 1 : Foreign direct investment in Yangtze River Delta by the six economies (Korea, Japan, Taiwan, Hong Kong, America and Europe). The sign of the coefficient of x1 will be in principle positive.
x 2 : GDP (Gross Domestic Product) of the six countries and economies. The coefficient will be positive.
The other one import factor concerned with port service is as follow:
x 4 : Ratio of import container cargo volume through the Port i to its total cargo volume, which can be referred to as the 'Import Ratio of Containerization for the Port of Shanghai. Its coefficient will be positive because it is assumed that a high level of port infrastructure will attract import container cargoes.
The first noticeable characteristic on the import side of Shanghai port is the positive elasticity of the GDP. This indicates that imports into the Port of Shanghai will increase as the growth of the six nations or economies GDP.
Secondly, the foreign exchange rate ratio shows an anticipated negative value.
The elasticity of exchange rates in relation to import volumes, in general, approaches the unit value of 1.
Thirdly, it should be noted that the containerization ratio for the Port of Shanghai has a weak positive effect on the import logistics volume for all of the six nations or economies under study. Thus, the containerization of the Port of Shanghai is contributing to import logistics or import logistics volumes.
In the case of the Ningbo-Zhoushan Port, the first noticeable characteristic on the import side is also the positive elasticity of the GDP. Ningbo-Zhoushan will increase as the growth of the six nations or economies' GDP.
Secondly, the containerization rate shows a great positive value. The elasticity value of 0.482 indicates that a percentage point increase in containerization rate will result in almost 0.5 percentage increase in seaborne trade for that economy.
V. Summary and Suggestion
This study analyzed the concentration ratio of Yangtze River Delta by HHI index model. The result shows that container transport is highly concentrated in this area. Based on the research of port behavior, we found that the two biggest ports in this port system (Shanghai port and Ningbo-Zhoushan port) have a fierce competitive relation. As the two biggest ports in China, Shanghai and
Ningbo-Zhoushan have a great impact on the national port industry. However, the overall competition in container handling is very serious between Shanghai port and Ningbo-Zhoushan port. After Yangshan port came into operation and with the combination of Ningbo port with Zhoushan port into a single entity, the competition had become more and more fierce.
Through the comparative analysis of the two ports, we get the result that each of them has its own comparative advantages which would make the cooperation of them impossible and reasonable. For example, Ningbo port has an advantage of nature deepwater berth and major bulk handling service. Shanghai port enjoys an advantage of management, finance, and container handling service. Therefore, the cooperation of Shanghai port and Ningbo-Zhoushan port is both necessary and emergent.
If Shanghai port and Ningbo port want to cooperate with each other, the first phase is to realize information and port resource sharing. Both ports should share the information, port resources and facilities, technique resources and the human resources. Then they should communicate in port engineering technique, container management, and cargo handling technique. Through resources sharing and port communication, both ports can reduce the cost and achieve the mutual benefits.
Two ports should establish an extensive platform for ports information sharing.
The information sharing is incarnated in integration of the network including customs, inspection, shipping companies, cargo owners, shipping agencies and so on. This activity will build a solid basis for the future cooperation between these two ports. In addition, Shanghai and Ningbo-Zhoushan has basis for cooperation in information sharing aspects. These two ports signed an agreement on customs integration in 2005. In the future, the integration of EDI system, which has been implemented between Shanghai and Ningbo, can be adopted between these two ports.
Since these two ports can cooperate with the others in order to achieve the business benefits, they can also cooperate with each other. Especially, the development project of Zhoushan Island affords a good opportunity for the port enterprises of Shanghai and Ningbo to do the business cooperation. In the market economy the business cooperation between two port enterprises is the best mode for ports to achieve coordinated development.
There are some limitations of this study that need to be discussed. It is limited in the insufficient sample size used in the study. As the statistical information system in China is not so developed as in Japan or other developed countries, some data can only be found from 2001. Ningbo port has not developed for a long time, so it was hard to collect the related data before 2000. It could be researched more in the future to verify the model and predicated data, and to apply to other neighboring ports such as Port of Busan and Port of Gwangyang. 
